Day care attendance
Day care attendance was scored dichotomously. Children attending full-time day care during both the two first-time periods (before 3 years of age) were compared to children in other types of day care (home care, part-time and family care) before 3 years of age. Furthermore, in order to estimate the effect of different types of day care, we divided day care before 3 years of age into four categories with home care as the reference category. The categories were: home care, other types of group care outside home (part-time and family care), full-time day care during the first or second time period and full-time day care during both first and second time period.
Recurrent respiratory tract infections
Parents were asked about different infections (otitis media, bronchitis, recurrent respiratory tract infections, pneumonia) diagnosed by a physician from birth throughout childhood. For our exposure variable, a strict definition of infections was employed, requiring parental retrospective report of physiciandiagnosed recurrent respiratory tract infections during both time periods (before 3 years of age). The variable included only recurrent respiratory tract infections and not otitis media, bronchitis and pneumonia.
Background variables
Dichotomous variables included gender, breastfeeding (no versus yes), lifetime occurrence of maternal and paternal asthma and smoking during pregnancy (no versus yes). Year of birth was classified into three groups (1978-1981, 1982-1984, 1985-1988) . The number of siblings was divided into four categories, 0, 1, 2, у3. Maternal and paternal education was scored according to three levels (Ͻ10 years, 10-14 years, Ͼ14 years). We also included birth weight and having pets (cat or dog) during the first year of life in the first analyses, but these two variables were not associated with asthma, and were not included in the final model presented here. Figure 1 represents a causal model of childhood asthma. If a variable represents an intermediate step between exposure and outcome it should not be treated as simply a confounder in logistic regression, but a more careful analysis taking its intermediate nature into account is required. Hence, we have employed recursive logit modelling 16, 17 which has recently also been discussed within graph theory. 18 In contrast to conventional logistic regression, the recursive logit model enables us to investigate whether there are direct and/or indirect effects of the exposures on the outcomes. For instance, an exposure may have no direct causal effect on an outcome but instead an indirect effect via an intermediate variable in the causal pathway. The likelihood of recursive logit models decomposes into components with separate sets of parameters. Hence, estimation can proceed by analysing each component in turn using standard software for logistic regression. Specifically, the direct effects on an outcome variable are estimated as adjusted odds ratios (aOR) in a logistic regression where all variables preceding the outcome in the causal pathway are included as predictors.
Statistical methods
In addition to the model-based estimates, crude odds ratios (cOR) were also estimated to measure the unadjusted associations between the exposure variables and the outcomes. All analyses were performed using SPSS for Windows 6.0.
Results
The youngest children, born 1985-1988, and children without siblings were more likely to have been in full-time day care (Table 1 ). Furthermore, children whose mothers had more than 14 years of education were more likely to attend day care than children whose mothers had less education. Attendance in full-time day care before 3 years of age was associated with increased relative risk of early infections (recurrent respiratory tract infections); cOR = 1.8 (95% CI : 1.3-2.5). Dividing day care into four categories with home care as the reference category revealed that the highest risk of infections (cOR 2.9 [1.7-4.9]) occurred for children attending full-time day care both the first and second time period. Children who attended full-time day care the first or second time period (cOR 1.8 [1.2-2.6]), and children in other types of group care outside home (part time and family care) had moderately elevated risks (cOR 1.4 [1.0-2.1]) compared to home care. A history of maternal and paternal asthma was associated with early infections (Table 1) The full model depicted in Figure 1 was analysed using recursive logit modelling, and the estimated direct effects are presented in Table 2 . Each column in the table contains the direct effects of the predictors on the outcomes. The direct effects are estimated as aOR, where it is adjusted for each variable listed with entries in the column. Following standard conventions of structural equation modelling, the model in Figure 2 includes only paths for variables, which were significant at the 5% level. Year of birth, number of siblings and length of maternal education had significant effects on day care attendance, and attending day care increased the risk of early infections. There was no direct effect between number of siblings and the occurrence of infections. Maternal and paternal asthma were, however, predictors of early infections and had strong direct effects on asthma. In addition, breastfeeding had a protective effect on asthma. The occurrence of early infections increased the risk of later asthma. The estimated direct effect of day care on developing asthma was small and non-significant when early infections was included as an intervening variable. However, there appeared to be an indirect effect of day care on asthma, via early infections.
Discussion
In this study we investigate full-time day care before 3 years of age in a causal model for childhood asthma. The results suggest that day care attendance is associated with the development of later asthma. The effect is explained by the increased occurrence of infections among children attending day care.
The model is based on an explicit chronological ordering of the outcome variables. We specify that day care precedes infections, and infections precede asthma. For this sample this is reasonable to assume, because the children attended day care at an early age. Furthermore, it is unlikely that children with infections should attend day care more frequently than other children. In our analysis, we have also only included day care and infections before 3 years of age and asthma after 3 years to ensure that the exposure comes before the outcome.
The present study has some limitations. Non-Norwegian children were excluded due to cultural differences and language problems. Some children could not be included in the second data collection due to decisions made by some of the liaison committees at the schools. However, this should not result in selection bias. Asthma was measured by a simple question inquiring about the child ever having asthma and age of onset. Such a parental report of asthma may result in misclassification. The definition of asthma has, however, always presented problems, particularly for those involved in studying the disease in general populations. The main exposure variable, full-time day care, is such a major event, that it is not likely to be biased by misclassification. Concern arises, however, regarding the validity of retrospective parental reports of physician diagnoses of recurrent respiratory tract infections. The parental recall of infections may be incomplete and biased if parents of children with asthma were more likely to recall infections in their children. This kind of differential misclassification may lead to overestimation of the effect of infections and partly explain our main finding.
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In line with previous studies we have shown that day care attendance is associated with respiratory tract infections. 2, 3, 19, 20 The occurrence of early respiratory tract infections may seem low but this may be due to the strict definition of infections. We have also detected a dose-response relationship between type of day care and infections. Our finding is supported by a study among Finnish children, which revealed that care in day care centres was a determinant of acute respiratory infections in children under 2 years old, whereas family care did not essentially increase the risk. 3 The present study does not address specific information of factors like indoor air quality, which may influence the occurrence of infections. Hours spent in day care and group size may, however, be contributing factors, which may partly explain the increased morbidity.
Previous published studies, which estimated the association between day care attendance and asthma, 9 and the association between day care and atopy, 10, 11 have neither described type of day care, group size or hours in day care. The present study adds information by defining day care attendance more precisely. Our finding may also have implications for investigations of the association between day care attendance and atopy.
Our results agree with previous findings that respiratory tract illness increases the risk of asthma. 6, 21, 22 Most wheezing in pre-school children is associated with viral infections. 23 Both clinical experience and epidemiological studies suggest that respiratory infections sometimes result in airway obstruction diagnosed as asthma, while at other times they do not. 21, 22, 24 It is also known that some children who subsequently develop asthma in early childhood will have more severe symptoms during respiratory tract infections and are more prone to develop infections than non-asthmatic children. 22, 25, 26 Early attendance in full-time day care may thus contribute to the development of childhood asthma in these children.
The results are not consistent with the 'infection hypothesis', which suggests that early infections may protect against later development of atopic disorders. 7, 8 Asthma is, however, not synonymous with atopy, and the heterogeneity of the asthma cases may explain our results. More specifically, some children may have asthma due to symptoms of wheeze and chest tightness alone, and others may have airway narrowing in response to provoking stimuli such as allergen exposure. In addition, it might be that upper airway infections do not influence T-cell maturation and prevent the development of allergic sensitization. 8, 27 Our findings may have implications for the interpretation of the large variability in the prevalence of asthma and respiratory symptoms reported by the ISAAC Steering Committee. 28, 29 The causes for this variation, both within and between countries, are not well understood, and may reflect variation in morbidity and/or sources of bias. One possible explanation may be day care attendance, which may vary systematically between regions. The worldwide variations in reports of wheezing may also reflect both infections and asthma. Specifically in small children it is a problem to distinguish between asthma and other wheezing disorders with similar respiratory symptoms. 22, 30 In conclusion, the results suggest that children who attend day care appear to have an increased risk of asthma with early infections as a mediator of risk. DAY CARE, INFECTIONS AND ASTHMA 885 
